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DESCRIPTION 
BACKGROUND OF THE INVENTION 



Field of the Invention 
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The present invention relates generally to electrically operated vehicle back-up 
alarms. More specifically, this invention relates to a combined back-up and battery low- 
level alarm for a vehicle. 



Description of Related Art 



A variety of low battery voltage alarm systems are known in the prior art. For 
instance, U.S. Patent numbers 5,900,734 to Munson. 4,943,777 to Nakamura, et aL . and 
3,979,697 to Yorksie all disclose battery vohage detection and warning devices. 

35 Separately, there also exist a variety of vehicle back-up safety alarm systems in the 

prior art. These alarms include those described in U.S. Patent numbers 4,603,317 to 
GailbreatK et al . 3,173,136 to Atkinson . 2,517,629 to Buys et aL . 2,462,532 to Morris , and 
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2,431,1 17 to Hadlev . Of particular interest for relevant back-up alarms are those 
manufactured and distributed by PRECO Electronics, Inc. under its trademark 

BAC-A-LARM®. 

However, none of the prior art discloses a detection and signaling device having the 
5 combination of back-up and low-battery alarm features and the distinct advantages of the 
present invention. 



SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a vehicle back-up alarm system 
10 intended for mounting on a vehicle that also incorporates an apparatus for detecting and 
alarming low battery conditions in the same vehicle. According to the preferred 
embodiment of the invention, incorporated into a main housing are all the required 
electronic components that perform power regulation, system control, voltage sensing, 
timing, alarm tone generation, sound emitters and optional light emitters for a combined 
1 5 back-up and battery low-level alarm. The housing serves to securely fix and retain these 
components and to protect them from moisture and dirt. Also, the single housing provides 
for a convenient and effective package for original equipment manufacture (OEM) and 
retrofit markets. The alarm circuitry is connected to the vehicle upon which it is installed, 
preferably by three coimection terminals situated on the housing. Preferably distinctive 
20 tones and tone sequences provided by the tone generation circuitry alert the operator to 
different types of alarm conditions, either back-up or low battery conditions. An optional 
signaling lamp and ambient light sensor may also be incorporated to allow for quiet 
nighttime alarm operation in noise-sensitive areas. 

As will be put forth in the following detailed description, accompanying drawings 
25 and claims, the present invention provides practical and usefiil methods and apparatus both 
for sensing low battery conditions and for alerting operators and by-standers of back-up 
operating vehicles, which methods and apparatus reaUze a high benefit of vehicle safety 
and accident prevention. 
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BRffiF DESCRffTION OF THE DRAWINGS 

Figure 1 is a schematic electrical block diagram of the preferred embodiment of the 
present invention. 

Figure 2 is a schematic electrical block diagram of an alternate embodiment of the 
5 present invention. 

Figure 3 is a schematic electrical block diagram of another alternate embodiment of 
the present invention. 

Figure 4 is a timing diagram depicting multiple alarm mode timing of the preferred 
embodiment of the present invention. 

10 Figure 5 is a perspective view of a single-housing embodiment of the combined alarm 

of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides at least two modes of safety for vehicles, including 
15 industrial trucks, forkUfts, and especially bucket lift trucks or man lifts. By the combination 
of preferred features, those persons within proximity of the vehicle are warned whenever 
said vehicle is backing-up. Vehicle or bucket lift operators are also warned of low battery 
conditions, such that they have early knowledge of potential danger, for example, due to a 
critical loss of power of their lifting and positioning equipment. 

20 As a backup alarm, the preferred embodiment conforms to S AE standard J994 Type 

C, producing a 1200 Hz tone with a 97 dB soxmd level, measured at a distance of four feet. 
The preferred embodiment also is capable of providing a warble sound at a level of 97 dB, 
to alert operators of a low battery voltage condition. 

Self-resonant back-up alarm oscillator circuitry, as described in U.S. Patent number 
25 5,596,3 11 to Bess, et al is employed in the preferred embodiment to provide superior sound 
output performance throughout the life of the product. Other similar systems may be 
employed in alternate embodiments to effect desired alarm soimd and or optional light 
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outputs. Preferably, the componentry of the preferred embodiment is folly contained within 
a single, preferably plastic housing. 

In the preferred embodiment, the backup alarm and low voltage alarm may be 
operated together or independently. If the backup alarm is energized during a low voltage 
5 condition, the backup alarm will take priority. Power for battery voltage sensing, intemal 
reference and logic supplies may be sourced in one of two ways: a) Continuous Operation 
via connection to the battery/alternator (battery side of vehicle key switch), or b) Active 
Operation via connection to the ignition side of the vehicle key switch. 

An important aspect of the preferred embodiment of the invention, regarding its low 
10 battery detection circuitry, is the capability of sensing two or more voltage points with 
different timing algorithms being associated with each voltage point, thereby detecting 
discharge to a higher degree of accuracy over varying battery loads. For example, in the 
preferred embodiment, if either a) the battery voltage drops to less than 12.0 volts for five 
minutes, or b) the battery voltage drops to less than 11.5 volts for one minute, the alarm 
15 will be triggered. For either of these instances, once the battery voltage climbs again above 
12.0 volts, the alarm will be reset. 

In the preferred embodiment, the alarm tone that signals a low battery condition is 
distinctively different from a standard back-up alarm tone. For example, the low battery 
alarm tone is preferably a four second warble sound, occurring once each minute. This is 
20 in contrast to the preferred back-up alarm tone, namely a 1200 Hz tone repeating at a rate 
of 80 pulses per minute. After eight minutes total time from first detection of less than a 
12.0 voh level, the alarm will be automatically reset and the low voltage ftmction silenced. 
This feature is implemented in order to prevent the low-battery alarm from running 
continuously, and entirely draining the battery. 

25 A typical housing for the circuitry is a molded plastic enclosure 24, for example, one 

constructed of glass filled nylon polymer, as depicted in Figure 5. The preferred 
embodiment has approximate dimensions of: H 2.5"; W 4"; D 1.5", mounted by way of two 
0.3" holes on 3.25" centers, on the back and bottom of the housing. The three wiring 
terminals 25 may consist of three #8-32 UNC terminal studs. An operating input voltage of 

30 9 to 16 volts allows for connection to typical 12-volt automotive vehicle electrical systems. 



Figure 5 also depicts Speaker 13, Back-up Signal Input 15, Sense Input 1, and a Signal 
Ground connection. 

With reference now to the accompanying Figures, Figure 1 is a schematic block 
diagram of the preferred embodiment of the present invention, depicting its major circuit 
5 elements. Sense Input 1 is input to an Input Voltage Sense circuit 2. The function of the 
Input Voltage Sense circuit 2 is to perform a comparison between the Voltage Reference 3 
output and Sense Input 1. If Sense Input voltage 1 falls below 12.0 volts, then the Low 
Voltage Detect signal 4 becomes active, turning on Timing Circuit 5. Conversely, if the 
Low Vohage Detect signal 4 becomes inactive, then the Timing Circuit 5 will be reset 

10 immediately, requiring another vohage dip below 12.0 volts in order to re-activate. Timing 
Circuit 5 has output signals that become active when timing cycles are completed. The 
output signals, in conjunction with the two Voltage Threshold signals 8 and 9, control the 
operation of Gating circuit 6 and Self-Resonant Back-up Alarm circuit 7. Voltage 
Threshold signals 8 and 9 become active when the battery voltage falls below threshold 

15 levels, which are settable according to resistor divider arrays in Input Voltage Sense Circuit 
2, but in the preferred embodiment are set respectively to 12.0 and 1 1 .5 volts. 

A signal that is pre-emptive of any other in the circuit is that of Back-up Signal 
Input 15, which typically is an input from the reverse switch in the vehicle onto which the 
invention is installed. When this signal activates, it immediately enables Gating circuit 6 to 
20 start Self-Resonant Back-up Alarm circuit 7, which outputs the standard on-off back-up 
alarm signal sequence for as long as that input signal is active. 

The main time base for all timings in this circuit is Clock source 10, and the power 
supply source for all circuitry is Logic Voltage Regulator 11. Signals from Self-Resonant 
Back-up Alarm circuit 7 are amplified by Audio Amplifier circuit 12, and are converted to 
25 sound energy by Speaker 13. 

Figures 2 and 3 are each schematic block diagrams of two separate alternate 
embodiments of the present invention. In a similar way to the preferred embodiment, clock 
10 supplies all timings in these circuits, and the requisite power source for all circuitry is 
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Logic Voltage Regulator 11. Each circuit also incorporates Audio Amplifier circuit 12 and 
Speaker 13, similar to the preferred embodiment, as previously described above and as 
depicted in Figure 1. The circuit of Figure 2 employs a Microcontroller 14 that operates 
according to the embedded software contained in Program Memory 18. Inputs to the 
5 Microcontroller 14 are from Back-up Signal Input 15, Low Voltage Detect Signal 4, first 
threshold 8 and second threshold 9 from Comparator circuit 16. From these inputs, the 
microcontroller, through operation by programmed control, interprets the machine state and 
performs appropriate audio tone generation output to Audio AmpUfier 12 in response. The 
fimction of this circuit can be made to perform in much the same, if not identical, manner 

10 to the circuit of Figure 1, according to conventional techniques. The Comparator Circuit 
16 of Figure 2 performs a similar fiinction to the Input Voltage Sense 2 of Figure 1 . The 
fimction of Gating 6, Timing 5, and Self-Resonant Back-up Alami 7 circuits of Figure 1 
can each be accomplished by programmed control within Microcontroller 14 of Figure 2 
according to conventional techniques. Such a program controlled device can also generate 

1 5 different tone sequences, if end users wish to incorporate them. 

Figure 3 depicts a variation of a microcontroller circuit in which there is 
incorporated an Analog to Digital converter (ADC) 17, as featured in many varieties of 
commercially available microcontrollers. Microcontroller 14 again operates according to 
the embedded software contained in Program Memory 18. Sense Input 1 is an analog 
voltage that is converted to digital data words upon successive samples of ADC 17. These 
converted data words are typically stored following preliminary digital signal processing 
steps, executed from Program Memory 18. For example, high and low (or more than two) 
threshold constants can be stored in program memory, and a rolling average would be 
typically performed on the incoming Sense Voltage to provide smoother values to be used 
for comparison to these different threshold levels. Such an averaging step on raw data 
prevents spurious timer events due to noise spikes that might be present on Sense Input 1. 

From the result of the comparisons, and through intemal timing conditions, each as 
controlled according to the steps contained in Program Memory 18, Microcontroller 14 
interprets the machine state and performs appropriate audio tone generation output to 



20 



25 



6 



Audio Amplifier 12 in response. The function of this circuit can be made to perform in 
much the same, if not identical manner to the circuits of Figure 1 and Figure 2. 

An extra, optional feature of the embodiment as depicted in Figure 3 is the 
incorporation of a Lamp Driver circuit 19 and signaling Lamp 20. The incorporation of a 
5 signaling lamp allows for both audio and visual notification of alerts to the vehicle operator 
and to those within its path of movement when backing-up. Another featxu-e is Ambient 
Light Sensor 21, which signals Microcontroller 14 of relatively light and dark ambient light 
conditions, thereby allowing for automatic selection of light-based alarm operation at night 
and sound-based alarm operation during the daytime, for example. This feature can allow 
10 for quiet operation at nighttime in noise sensitive areas, such as where industrial yards are 
located near neighborhoods. 

The diagram in Figure 4 illustrates multiple alarm mode timing of the preferred 
embodiment of the present invention. The top row of the diagram depicts the time in 
minutes after an event is started, which is triggered by the Sense Voltage 1 dropping below 

15 a threshold value. The second row 22 depicts the alarm intervals that occur when the Sense 
Voltage 1 has dropped below 12.0 volts, but is above 11. 5 volts. The third row 23 depicts 
the alarm intervals that occur when the Sense Voltage 1 has dropped below 1 1.5 volts. The 
purpose of these two different timing schemes is to allow faster alarm indication when 
deeper discharging has occurred and a hold-off in alarm for slight voltage dips that may be 

20 only momentary, due to intermittent battery loading such as when a bucket lift motor is in 
operation. 

The foregoing description of different embodiments, including a preferred 
embodiment of the invention, has been presented for purposes of illustration and 
description. This is not intended to be exhaustive or to limit the invention to the precise 
25 forms disclosed. Many modifications and variations will be apparent to practitioners skilled 
in this art, after viewing this Description and the Drawings. It is intended that the scope of 
the invention be defined by the following claims and their equivalents. 
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